Introduction
▼ Ischemic colitis is the most common form of gastrointestinal ischemia. In most cases it consists of non-occlusive ischemia of the bowel caused by a sudden drop in blood flow in the small vessels of the colon, generally secondary to a low-flow state [1, 2] . From a clinical and histological point of view, it may be classified as 2 major forms: non-gangrenous and gangrenous [1] [2] [3] . The nongangrenous form accounts for 80-85 % of cases and is a transient and self-limiting disease in most of patients. The gangrenous form has high morbidity and mortality because it can be associated with transmural necrosis and requires urgent laparotomy [1] [2] [3] .
Although it can occur at almost any age, approximately 90 % of the cases of colonic ischemia occur in patients over 60 years of age [4] [5] [6] [7] . Colonic ischemia is clinically suspected when a patient manifests the classic presentation of abrupt ▼ Aim: The aim was to prospectively evaluate the positive predictive value of ultrasound in the diagnosis of ischemic colitis, with colonoscopy as the reference standard. Methods: During a 2-year period we included consecutive patients over 50 years of age with sudden abdominal pain and/or rectal bleeding who underwent abdominal sonography in an emergency setting with a thickened segment of colon with a length of more than 10 cm. This clinical-sonographic triad was considered diagnostic for ischemic colitis. A thickened bowel location or color Doppler flow findings on ultrasound examination were evaluated but were not considered to make the diagnosis of ischemic colitis. Basic descriptive statistics were used to characterize the study patients. The positive predictive value was calculated as: number of patients with the definitive diagnosis of ischemic colitis (colonoscopic or follow-up)/number of patients with a sonographic diagnosis of ischemic colitis. Results: A total of 48 patients had the clinicalsonographic triad; mean age: 74.3 years (range 54-90 years). The most frequent clinical manifestation was rectal bleeding (83 % of the cases) followed by abdominal pain (81 %) and diarrhea (45 %). A total of 42 cases of ischemic colitis were confirmed by endoscopy (n = 35) and biopsy (n = 34) or clinical evaluation (n = 7). The positive predictive value of the clinical-sonographic diagnosis of ischemic colitis was 87.5 %. Thickening of the colon wall was detected on the left side in 35 patients with ischemic colitis, on the right side in 3 and pancolitis was identified in 5 patients.
Conclusion:
In an appropriate clinical setting, ultrasound has a high positive predictive value for the diagnosis of ischemic colitis.
License terms
Imaging techniques, such as ultrasound and CT, are frequently the first test used in hospitals to evaluate patients with abdominal disorders. US and CT are able to detect abnormalities in the colon wall, so they can play a role in the diagnosis of ischemic colitis. The advantages of these tests are obvious: they are noninvasive and readily available and no preparation is required. CT and ultrasonographic findings have been previously described in the radiological literature [12] [13] [14] [15] [16] [17] [18] . However, to our knowledge, the accuracy of these imaging techniques in the diagnosis of ischemic colitis has not been previously assessed. Obviously, the sensitivity and specificity of these imaging techniques in the diagnosis of ischemic colitis (relative to colonoscopy or surgery) cannot be measured in clinical practice. The reason for this is that many negative CT and US cases are not referred to colonoscopy or surgery and thus cannot be stratified into true-negative vs. false-negative results. However, because both true-positive and false-positive imaging results can be followed in clinical practice, the positive predictive value (PPV) of imaging screening can be obtained. The aim of our study was to prospectively evaluate the positive predictive value (PPV) of abdominal sonography in the diagnosis of ischemic colitis, with colonoscopy as the reference standard.
Materials and Methods
▼ This is a prospective study performed during a period of 2 years (between June 2012 and June 2014) that included all consecutive patients over 50 years of age admitted to the gastroenterology department of our hospital with sudden acute abdominal pain and/or rectal bleeding and a sonographic examination with the detection of a thickened (> 3 mm) segment of colon with a length of more than 10 cm ( • ▶ Fig. 1, 2) [14, 19] . This triad was considered diagnostic for ischemic colitis, independently of the clinical presentation or initial presumptive diagnosis. Ultrasonographic criteria used for the diagnosis of ischemic colitis were based on previously published data [14] . The location of the thickened bowel or color Doppler flow findings were not considered to make the diagnosis of ischemic colitis. We got oral informed consent from each study participant and the local ethics committee of our hospital approved the study protocol ( • ▶ Fig. 3 ).
All studies were conducted with a Toshiba Aplio 80 (Toshiba, Tokyo, Japan), employing a 3.5-5 MHz or a 5-10 MHz convexarray transducer. 3 radiologists with broad experience in bowel ultrasound performed the sonographic examinations. A systematic overview of the colon was performed in each patient, beginning with grayscale US. First the ascending colon and cecum were identified in the right lower quadrant. Then the colon was followed along the transverse colon, descending portion and sig- moid colon. When assessing the colon, compression of bowel segments was usually applied in order to displace interfering gas. Bowel wall vascularity by color Doppler US with a special preset optimized for slow flow detection was then evaluated (filter at low setting, [50 Hz] and lowest velocity scale [2-5 cm/sec], designed for the detection of low-velocity flow in the bowel wall). Color Doppler flow was considered present when color pixels persisted throughout the observation period. Color Doppler flow was always confirmed by obtaining an arterial or venous signal at the location of the color pixel. The intensity of the color Doppler flow was subjectively graded as absent (grade 0), barely visible vascularity (grade 1), moderate vascularity (grade 2) and marked vascularity (grade 3). Grayscale and color Doppler ultrasound were used to assess the following findings: location (left or right side, or pancolitis), length of the affected segment, parietal thickness, stratified or non-stratified bowel wall echotexture, presence of ascites, abnormal echogenicity of pericolic fat and color Doppler grade. The clinical findings (abdominal pain, diarrhea, fever or rectal bleeding) and the sonographic findings of each patient were prospectively recorded by the radiologist filling in a questionnaire at the end of sonography. Patients with fever were excluded from the study. Colonoscopy was performed as part of the diagnostic work-up and was considered the reference standard. The diagnosis of ischemic colitis was confirmed by the endoscopic findings. If it was not possible to carry out colonoscopy, the definitive diagnosis was made based on typical clinical findings, negative stool culture results, risk factors and clinical and sonographic follow-up examination. Basic descriptive statistics including the mean, standard deviation and maximum and minimum value for continuous variables, and the absolute frequency and percentage for discrete variables were used to characterize the study patients. The PPV was calculated as: number of patients with definitive diagnosis of ischemic colitis (colonoscopy or follow-up)/number of patients with an ultrasound diagnosis of ischemic colitis.
Results

▼
A total of 48 patients had the clinical-sonographic triad and were included in the study group (15 men and 33 women; mean age: 74.3; range: 54-90 years). The most frequent clinical manifestation was rectal bleeding (83 % of cases) followed by abdominal pain (81 %) and diarrhea (45 %). The classic clinical triad of pain, diarrhea and rectal bleeding was only recorded in 16 patients (34 %). Colonoscopy was performed in 40 (83.3 %) out of the 48 patients and biopsy was carried out in 34 patients. Colonoscopy was not performed in 8 cases due to older age, resolution of symptoms or contraindication of the technique (3 patients). There was a diagnosis of ischemic colitis in 35 out of 40 colonoscopies (34 with biopsy). The other 5 patients had a different diagnosis: nonspecific colitis (3 patients), chronic inflammatory bowel disease (1 patient) and diverticular disease (1 patient). The diagnosis in the patients without colonoscopic confirmation was: ischemic colitis in 7 patients and non-specific colitis in 1. A total of 42 cases of ischemic colitis were confirmed, with the PPV of ultrasound being 87.5 %. The results were similar comparing the PPV between the group of colonoscopy and biopsy (87.5 %) and those without colonoscopic confirmation (87.5 %).
• ▶ Table 1 shows the sonographic findings of the study group. 
Discussion
▼
Our results demonstrate that in the appropriate clinical setting, abdominal sonography has a high positive predictive value for diagnosing ischemic colitis, with a PPV of 87.5 % in our study. The diagnosis of ischemic colitis was based on 3 criteria: advanced age of patients (> 50 years old), sudden appearance of symptoms and sonographic detection of parietal thickening of a colonic segment with a length of more than 10 cm. It is noteworthy that we have not studied the sensitivity of ultrasound for the diagnosis of ischemic colitis. We are certainly aware that the absence of ultrasound abnormalities does not exclude ischemic colitis (8) .
To calculate PPV, we did not assess other features of ischemic colitis described in previous publications [14, 17, 20, 21] , such as the location of the affected segment or color Doppler flow grade. Had we included these imaging findings in our study, only the location of the thickened wall would have increased the PPV of sonography, but not significantly. When just the parietal left colon was thickened, the PPV increased up to 89.7 % and in cases of pancolitis it reached 100 %. Color Doppler flow findings did not improve the PPV. If we had considered the absence or decrease of the color Doppler flow as a diagnostic criterion of ischemic colitis, the PPV would have been 69 %, i. e., much lower than 87.5 %. However, it is surprising that all cases with thickening of the right colon with a barely visible color Doppler flow were confirmed as ischemic colitis (nevertheless, our series is not large enough to validate these results).
Our results agree with those reported for CT in the diagnosis of acute bowel ischemia [15, 16, 18] . We have to take into account that the aim of previous CT studies was to detect intestinal ischemia or infarction in both the small and large bowel, whereas in our study, colonic ischemia was the only location considered.
As far as we know, the accuracy or the PPV of CT in the diagnosis of ischemic colitis has not been evaluated yet.
In accordance with other publications [12, 14, 15, 17] , a segmental distribution was present in the majority of the patients in our series, with the left colon being the most frequently affected location. The mean length of involvement was 28.34 cm and the mean parietal thickness was 6.7 mm. Balthazar et al. [12] described a segmental distribution in 89 % of their cases. The left colon was affected in 70 % of their patients; the mean length of involvement was 20 cm; and the mean parietal thickness was 8 mm. Our percentage of patients with absent or barely visible color Doppler flow (69 %) was slightly lower than the one observed by Ripollés et al. [14] and Teefey et al. [21] with 80 and 86 % of patients, respectively. Ischemic colitis has been described as the most frequent vascular disease in patients over the age of 65 years [1, 14, 22] . However, it is believed to be an underestimated disease in daily clinical practice because of its wide spectrum of clinical symptoms, the non-specificity of clinical and laboratory tests and the transient course of the disease [22] [23] [24] . Therefore, ischemic colitis is a clinical challenge that needs complementary examinations to make the correct diagnosis. Ultrasound and CT are widely used to study patients with abdominal pain. Both techniques can detect mural thickening of the colon (the main finding of ischemic colitis), and therefore can suggest this pathology in the appropriate clinical setting. The advantage of CT imaging is its ability to easily detect intestinal pneumatosis, a rare finding in the course of this disease (6 % in the series of Balthazar et al.) [12, 14, 18, 21] . CT is also better than ultrasound for showing cases of ischemic colitis following aortic surgery, since the bowel wall is often not thickened in these patients and the diagnosis is based on the absence of contrast enhancement of the involved bowel. In contrast, ultrasound does not require preparation or enema, offers better information of the parietal stratification, is more sensitive for showing milder forms of parietal thickening and avoids the use of iodinated contrast media [8] .
We believe that ultrasound could be the initial imaging tool in most cases (except for intestinal pneumatosis and secondary cases of aortic surgery). Our results show that we can suspect ischemic colitis when parietal thickening with a length of more than 10 cm is found in the appropriate clinical setting. It is noteworthy that the sensitivity of ultrasound for detecting parietal thickening in ischemic colitis can be up to 93 % [14] . However, we have to bear in mind that parietal thickening of the colon is a non-specific finding both in ultrasound and CT, since it may be found in inflammatory, neoplastic and infectious diseases. We emphasize that there were no cases of cancer or diverticulitis in our series. Diverticulitis generally involves the sigmoid colon with a marked extrinsic echogenic area around diverticula representing inflamed peridiverticular fat, whereas ischemic colitis is rarely located in the sigmoid colon only. Sonography can differentiate ischemia from tumor because most primary neoplasms of the gastrointestinal tract present as a short ( < 10 cm) asymmetric segment of bowel wall thickening with abrupt margins [25] . However, if ischemic colitis is secondary to colonic carcinoma, it may be impossible to distinguish between the neoplastic and ischemic segments. Patients with ischemic colitis and increased vascularization on color Doppler can be indistinguishable from patients with active inflammatory bowel disease as happened in one of our patients. Differentiation between ischemic colitis and inflammatory bowel disease can also be difficult by endoscopy [10, 21] . Ischemic colitis, in the absence of transmural necrosis, is a selflimiting disease with a quick recovery of the mucosal lesions, so if colonoscopy is not carried out immediately, results could be normal. Consequently, the finding of a normal bowel wall in the sonographic follow-up examination reinforces the diagnosis of ischemic colitis [10, 14] .
On the basis of our results and since ultrasound diagnosis has a high PPV and most cases of ischemic colitis are transient, we think that colonoscopy could be avoided in certain select cases, especially in older or very ill patients. Patients with no improvement at serial sonographic examination need further evaluation with other imaging or endoscopic techniques to confirm the diagnosis and exclude neoplasia as a cause of the ischemia.
The main limitation of our study is the small sample size and the lack of a sensitivity and specificity analysis. We do not know how many patients had a negative ultrasound examination and a colonoscopic diagnosis of ischemic colitis (false-negative cases). A study comparing the accuracy of CT and ultrasound would also be useful, since the latter is an innocuous test, it does not require any additional preparation, it does not irradiate and, most importantly, it avoids the nephrotoxicity of iodinated contrast media, which is especially important in older people. In the present study we did not assess the prognostic value of the different ultrasound findings, such as ascites, abnormal echogenicity of the pericolic fat or the presence of color Doppler flow, as we did not continue monitoring patients once they were discharged. The exclusion of patients admitted to the ICU or surgery is a bias, because these patients may have different findings than the group studied. Finally, we did not record the time between the onset of symptoms and the date of colonoscopy.
In conclusion, in routine clinical practice many cases of ischemic colitis are considered to have non-specific abdominal pain, so an emergency imaging examination (ultrasound or CT) is usually carried out without a specific clinical suspicion. In our experience ischemic colitis can be suspected with high reliability (high PPV) when an elderly patient with sudden abdominal pain and/ or rectal bleeding shows segmental wall thickening of a long colonic segment ( > 10 cm) in the sonographic examination. Because endoscopic features of ischemic colitis are nonspecific, this can help to improve further diagnosis. Moreover, our results support that ultrasound could be considered an alternative diagnostic technique to colonoscopy in high-risk cases or patients with contraindications.
